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I. 


ABSTR-ilCT 


i- 


An  experimental  study  was  conducted  to  determine  the  feasibility  of 
preparing  nonraetallic  acetylide  salts  for  use  as  propellant  components.  Five 
different  types  of  reactions  for  the  synthesis  of  tetraraethylan^niura  acetylide 
were  studied,  but  in  no  case  was  clear-cut  evidence  for  the  formation  of  the 
desired  material  found.  It  is  concluded  that  additional  work  on  this  problem 
is  unjustified  in  the  light  of  present  knowledge. 

II.  INTRODUCTION 

A.  In  a continuing  search  for  materials  that  will  depress  the  freezing 
point  and  vapor  pressure  of  existing  propellants  without  simultaneously  lowering 
the  specific  impulse,  this  study  was  initiated  to  determine  the  feasibility 

of  en^Dloying  nonmtallic  acetylide  salts  as  pjropellant  components.  Acetylene, 
because  of  its  positive  heat  of  formation  resulting  from  the  carbon-carbon 
triple  bond,  has  a prominent  position  as  a rocks':  propellant.  However,  the 
handling  and  sh'^ck  sensitivity  characteristics  of  acetylene  are  poor.  Attempts 
to  improve  these  characteristics  by  mixing  acetylene  with  other  substances 
such  as  ammonia  have  resulted  in  solutions  with  inpractically  high  vapor 
pressvu?es.  Acetylide  salts,  on  the  other  hand,  are  nonvolatile,  and  ionic 
types  such  as  sodium  acetylide  are  soluble  in  solvents  such  as  ammonia. 

Although  compounds  containing  metallic  elements  would  be  undesirable  because 
of  the  formation  of  solid  exhaust  products,  the  replacement  of  the  metallic 
ion  with  an  oxidizable,  nonmetallic  cation  such  as  guanidinium  or  tetramethyl- 
amraoniivm  ion  would  eliminate  this  objection.  Thus,  the  production  of  a non- 
metallic analog  ot  the  alkali  metal  acetylides  would  provide  a propellant 
component  that  would  contribute  to  the  depression  of  freezing  point  by  virtue 
of  its  ionization,  and  be  both  stable  and  relatively  high  in  energy. 

B.  Initially,  the  preparation  of  guanidine  acetylide  was  attempted  by 
reaction  of  sodium  acetylide  ’vith  guanidine  sulfate  in  liquid  ammonia. 
Stoichiometric  quantities  of  th;  two  dry  reagents  were  mix^'d  :.n  a three-necked 
flask  fitted  with  a mercury-S'^aled  stirrer  and  a dry  ice  reflux  condenser, 

the  system  first  being  flushed  with  dry  nitrogen.  As  liquid  ammonia  was 
punped  onto  the  solids  from  a Dewar  flask,  gas  was  evolved j when  this  gas  was 
passed  through  aramoniacal  silver  nitrate  solution,  a precipitate  of  silver 
acetylide  formed.  This  formation  of  free  acetylene  indicated  that  the  acetylide 
ion  had  a stronger  affinity  for  a proton  than  the  guanidinium  ion,  and  hence 
a stronger  base  than  guanidine  would  have  to  be  employed.  Accordingly, 
attention  was  directed  to  the  preparation  of  a quaternary  ammonium  acetylide, 
tetramethylammonium  acetylide,  from  vrtiich  abstraction  of  a proton  could  not 
occur. 

C.  The  methods  studied  for  the  preparation  of  tetramethylammonium 
acetylide  were; 
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1. 

sodium  acetylide 

2. 

3. 


Metathetical  reactions  of  tetramethylamraoniiua  salts  with 
in  liquid  ammonia  and  in  organic  solvents. 

Reaction  of  trimethyla/ur^niom  mothylid  with  acetylene. 

Reaction  of  tetramethylammonium  free  radical  with  acetylene 


in  liquid  ammonia. 


U.  Reaction  of  tetramethylammoniiMn  triphenylroethide  with 

acetylene. 

5.  Decarboxylation  of  tetramethylammonium  propiolate. 


III.  PREPARATION  OF  TETRAjjETHYlAuitONIUtfi  ACETYUDE 
A.  laETATHETICAL  REACTIONS 


Metathetical  reactions  of  the  type  studied  are  represented  by 
the  equation: 

jc-CHj“  + T"^!" > T'^jCfC}^"  + M‘^X“ 

where 

*.i  = a metal,  e.g.,  sodium 

T * tetramethylammonium  ion 

X = a suitable  anion,  e.g.,  halide  or  nitrate 
1.  Experiments  in  Liquid  Ammonia 

a.  Under  conditions  similar  to  those  described  above  for 
the  attempted  preparation  of  guanidine  acetylide,  tetraraethylaramonium  chloride 
and  sodium  acetylide  were  agitated  in  liquid  ammonia  for  2 hr,  and  the  result- 
ing mixture  was  extracted  with  ammonia  in  a Soxhlet  extractor.  No  acetylene- 
containing  gas  was  generated,  and  no  clear-cut  separation  was  obtained.  An 
extraction  with  dioxane  likewise  did  not  result  in  the  desired  separation. 

b.  It  became  obvious  at  this  point  that  q'oantitative 
information  on  the  solubilities  of  tetramethylammonium  salts  in  liquid  ammonia 
would  be  necessary  if  the  proper  salts  were  to  be  chosen  for  the  metathetical 
reaction.  Reagent-grade  tetramethylammonium  chloride  was  dried  at  100°C  for 
12  hr,  and  then  analyzed  for  chloride  ion  by  titration  with  silver  nitrate. 
Results  indicated  a purity  of  99.1^.  Tetraraethylammoni'om  nitrate  was  prepared 
by  titration  of  a solution  of  tetramethylammonium  chloride  with  silver  nitrate 
to  the  dichlorofluorescein  end  point.  After  filtration,  the  solution  was 
evaporated  to  dryness,  and  then  purified  by  re crystallization  twice  from  a 
mixed  solvent  of  ethanol  and  water,  A nitrogen  determination  indicated  that 
the  purity  was  99. 
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c.  The  apparatus  for  the  determination  of  the  solubilities 
consisted  of  an  unsilvered  Dewar  flask  fitted  with  a stopper  containing  a 
mercuiry-S'^aled  stirrer,  a thermometer,  a fitting  for  a drying  tube,  and  a 
stainless  steel  rod  upon  which  a calibrated  volumetric  cup  was  fastened.  The 
liquid,  containing  an  excess  of  the  salt  to  be  tested,  was  stirred  for  a 
sufficient  time  to  produce  a saturated  solution.  The  solution  was  then 
permitted  to  settle,  and  the  volumetric  cup  was  submerged  in  the  liquid.  It 
was  then  raised  above  the  solution,  where  it  was  permitted  to  remain  until 
all  the  ammonia  had  evaporated.  After  being  dried  in  an  oven,  the  outside 
was  wiped  thoroughly,  and  the  tube  was  weighed  to  determine  the  amount  of 
salt  originally  present  in  the  solution  contained  in  the  volumetric  cup. 

The  results  were  as  follows: 


Solubilities  in  Liouid  Ammonia  at  -30°C 


Salt 

g/lOO  ml  Sol’n 

f0H3)^Njoi 

0.81 

o.uo 

|(CH3)^N]Br 

0.05 

NaC^CH 

5.12 

0.08 

d.  The  extreme  solubility  of  sodium  nitrate  in  liquid 
ammonia  (Reference  l)*  suggested  its  use  in  the  preparation  of  tetramethyl- 
ammoni'om  acetylide.  In  this  method,  sodium  nitrate  would  be  extracted  from 
a mixture  of  sodium  acetylide  and  tetramethylammonium  nitrate,  using  liquid 
ammonia  in  a Soxhlet  extractor.  In  the  reaction 

[(CH^)j^nJnO^  + NaC2CHt=;  NaNO^  + [(CH^)j^nJc=CH 

the  removal  of  the  sodium  nitrate  would  force  the  reaction  to  the  ri^t,  while 
the  less  soluble  tetramethylammonium  acetylide  would  concentrate  in  the 
thimble.  The  extraction  was  carried  on  for  a period  of  8 hr  using  a mixture 
of  sodium  acetylide  and  tetramethylaramonium  nitrate  in  a mole  ratio  of  l"^:!. 
The  large  excess  of  sodium  acetylide  was  used  in  order  to  ensure  the  presence 
of  sufficient  reagent  throughout  the  extraction;  its  solubility  is  ^proxi- 
mately  30  times  greater  than  that  of  tetramethylammonium  nitrate.  Intermit- 
tent tests  of  the  thimble  residue  served  to  determine  when  all  the  nitrate 


A list  of  references  is  given  on  page  13  . 
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ion  had  been  removed.  When  diphenylamine  in  concentrated  sulfuric  acid  gave 
a negative  test  for  nitrate  ion,  the  ihimble  residue  was  analyzed  for  nitrogen 
by  the  Kjeldahl  method;  a portion  of  the  residue  was  also  treated  with  water 
and  then  titrated  with  standard  acid  for  total  alkalinity.  The  absence  of 
nitrate  ion  permitted  a separate  calculation  of  the  distribution  of  sodium 
acetylide  and  tetramethylarnmonium  acetylide,  based  first  on  the  acid-base 
titration,  then  on  the  nitrogen  determination.  The  results  were  as  follows; 


Acid-Base  Analysis 

K.leldahl  Nitrogen  Analysis 

NaC^CH  se% 

(CH^)^NC=CH  \S 

6% 

This  experiment  was  repeated  with  similar  results,  indicating  the  possible 
presence  of  tetramethylaimnonium  acetylide.  The  loss  of  unreacted  tetramethyl- 
ammonium  nitrate  and  tetramethylaramonium  acetylide  by  direct  solution  during 
extraction  could  not  be  determined.  iVobably  the  solubility  of  tetramethyl- 
ammonium  acetylide  is  high  enough  so  that  the  time  required  for  complete 
removal  of  nitrate  ion  also  allowed  removal  of  a considerable  portion  of  the 
desired  acetylide  salt.  Extraction  of  other  salts  was  tried  in  a similar 
manner  in  an  effort  to  produce  a residue  richer  in  tetramethylarnmonium 
acetylide . 


e.  Extraction  of  a mixture  of  tetramethylaramonium  iodide 
and  sodium  acetylide  (10;1  molar  ratio  NaC=CH/(CH^)i  Nl)  produced  a residue 
that  contained  78^  tetraraethylammonium  iodide  and  sodium  acetylide;  none 
of  the  desired  product  was  found,  A weight  loss  of  10,3%  from  the  original 
mixtxire  was  observed  in  2~l/h  hr,  QU-3%  of  which  was  sodium  acetylide  and 
\^.1%  tetranethylammonium  iodide.  Soxhlet  extraction  of  a mixture  of  tetra- 
methylammonium  chloride  and  sodium  acetylide  resulted  in  weight  loss  of  10% 
from  the  original  mixture  (2:1  molar  ratio  NaC3CH/(CH3)j^NCl)  in  1/2  hr  and 
included  $0%  of  the  tetramethylarnmonium  ion  originally  present.  These  weight 
losses  constitute  a rerious  disadvantage  to  the  use  of  the  liquid  ammonia 
extractive  method  for  the  synthesis  of  tetramethylarnmonium  acetylide, 

f.  The  possibility  of  direct  precipation  of  tetramethyl- 
ammonium  acetylide  from  a saturated  solution  of  the  chloride  by  the  addition 
of  sufficient  sodium  acetylide  tolution  was  also  investigated.  An  experiment 
carried  out  at  -30°C  produced  a light,  flocculent  precipitate.  After  a 
preliminaiTr  observation,  the  experiment  was  repeated  on  a larger  scale  to 
furnish  sufficient  quantity  of  precipitate  for  analysis.  A 5-2-g  quantity 
of  tetranfithylamraoniura  chloride  was  dissolved  in  650  ml  of  anhydrous  ammonia 
to  produce  a satui'ated  solution  at  -30°C.  A solution  of  2.U  g of  sodium 
acetylide  in  75  ml  of  ammonia  was  added  and  the  light,  fluffy  precipitate  was 
obtained  in  small  amount.  In  attempting  to  increase  the  quantity  of  precipitate 
by  evaporation  of  the  solvent,  it  v;as  found  impossible  to  prevent  the 
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precipitation  of  the  salts  on  the  sides  of  the  Dewar  flask  in  their  original 
proportions.  The  procedure  for  addition  of  components  was  therefore  modified 
in  the  following  manner;  Acetylene  was  bubbled  into  a clear,  agitated  solu- 
tion of  2.06  g tetramethylammonium  chloride  in  approximately  300  ml  of 
ammonia.  Simultaneously,  under  an  atmosphere  of  nitrogen,  0.50  g of  metallic 
sodium  was  added  in  small  bits  at  a rate  such  that  the  solution  was  never 
colored  to  a great  extent  by  the  dissolving  sodium.  After  addition  of  the 
sodium,  the  solution  was  reflioxed  at  -33°C  for  1-1/2  hr,  A gelatinous 
precipitate  which  had  formed  during  the  reaction  was  removed  by  filtration, 
and  the  last  traces  of  ammonia  were  removed  under  reduced  pressure.  The 
extremely  small  amount  of  product  permitted  only  cursory  examination,  con- 
sisting of  a chloride  analysis  and  an  acid-base  titration.  On  the  basis  of 
these  two  analyses,  it  appears  that  some  tetramethylammonium  acetylide  may 
have  been  present.  It  was  hoped  that  better  solubility  relationships  vrould 
exist  at  2$°C  and  that  the  reaction  could  be  carried  out  in  a pressure  vessel, 
but  the  solubility  of  tetramethylammonium  chloride  at  25°C  was  found  to  be 
O.U52  g/lOO  ml  of  solution,  which  is  only  half  the  solubility  at  -33°C.  As  a 
result  of  these  experiments  in  liquid  ammonia,  it  was  concluded  that  this 
solvent  would  not  be  suitable  for  the  metathetical  reaction. 


2,  Experiments  in  Organic  Solvents 

Investigation  of  the  r^tathetical  reaction  was  extended  to 
the  following  organic  solvents  representing  aliphatic,  halogenated  aliphatic, 
ether,  nitrogen-  and  oxygen-containing  heterocyclic  and  aromatic  types.  The 
solvents  used  were  heptane,  carbon  tetrachloride,  diethylether,  pyridine, 
dinEthylfonnamide,  tetrahydrof uran , and  benzene.  Dimethylformaraide  was  found 
to  be  reactivu  r/ith  sodium  acetylide.  Saturated  solutions  of  tetramethyl- 
amraonium  chloride  and  sodium  acetylide  were  prepared  in  each  of  the  other 
anhydrous  solvents  and  mixed  in  an  atmosphere  of  dry  nitrogen  in  a dry  box. 

No  evidence  of  reaction  was  apparent  after  96  hr.  Because  the  possibility 
of  preparing  alkylaramonium  acetylides  by  the  metathetical  reaction  appeared 
remote,  attention  was  directed  to  other  synthetic  approaches. 


B.  REACTION  OF  TRIlETHYLAi-iiONIUlvi  iviETHYLID  'VITH  ACETYLENE 

1.  It  has  been  shown  (Reference  2)  that  the  reaction  of  tetra- 
methylammonium  chloride  with  phenyl  lithium  proceeds  as  follows; 


CH,  - N - CH, 

3 I J 


Cl"  + LiC^f^ 


CH,  - N 
3 I 


+ UCl  + 


The  con^jound  produced,  trimethylammonium  nethylid,  has  a great  affinity  for 
a proton,  and  the  possibility  that  it  would  react  with  acetylene  to  produce 
tetramethylammonium  acetylide 
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CH, 
I 3 
CH^-N 

CH^ 


+ HC2CH 


(CH3)^N 


C=CH" 


iras  investigated, 

2,  Phenyl  lithium  was  prepared  by  the  reaction  of  small  pieces 
of  lithium  metal  with  bromobenzene  in  ether  solution.  The  phenyl  lithium 
solution  was  then  shaken  with  tetraniethylammonium  chloride  in  a closed  system. 
The  reaction  mixture  was  allov/ed  to  settle  overnight*  and  after  decanting  the 
supernatant  liquid  the  solid  was  v;ashed  four  times  with  ether  and  dried  in 
vacuum.  Tetrahydrofuran  (a  solvent  for  the  methylid)  was  added  to  the  solid 
white  residue  and,  after  filtration,  dry  acetylene  was  bubbled  into  the  clear 
solution.  A cloudy  solution  resulted,  but  no  precipitate  could  be  separated, 

3.  Because  the  ourity  of  the  methylid  may  have  been  low,  another 
attempt  to  prepare  it  in  a purer  condition  was  made.  A three-necked,  round- 
bottom  flask  was  fitted  with  a reflux  condenser,  a mercury-sealed  stirrer,  a 
dropping  funnel,  and  a stopcock  for  draining  at  the  bottom  of  the  flask.  Six- 
teen grams  of  lithium  were  heated  in  mineral  oil  under  an  atmosphere  of  dry 
nitrogen  to  a tenperature  of  250®C.  When  the  reaction  mixture  was  cooled 
rapidly  with  vigorous  stirring,  small  balls  of  lithium  were  produced.  The  oil 
was  drawn  off  through  the  stopcock  and  the  lithium  repeatedly  washed  with 
anhydrous  ether  until  oil-free.  Anhydrous  ether  (700  cc)  was  then  added  and 
the  flask  warmed  carefully  until  the  ether  began  to  reflux,  at  which  time 
bromobenzene  was  added  slowly.  After  addition  of  157  g of  bromobenzene,  a 
receiver  was  attached  to  the  bottom  of  the  reaction  flask  to  form  a closed 
system  and  the  wine-red  solution  containing  the  phenyl  lithium  was  drawn  off. 
After  transfer  to  the  dry  box  and  decantation  of  the  clear-red  liquid,  a 
lU2-ml  portion  was  allowed  to  react  yrith  $.L  g of  tetramethylaunmonium  chloride 
for  5 days  at  ambient  ten^jerature , To  definitely  establish  the  existence  of 
the  methylid,  benzophenone  in  absolute  ether  was  added  in  an  attempt  to  prepare 
a derivative  of  the  methylid  (Reference  2). 


H^C-N-CHgli  Cl  + C^H^-C-C^H^ 


OU  _ OH  _ 

i HOH  r I 

Cl  C^H^-C-C^I^  Cl  + LiOH 

CH,  J L CH.  _ 


N(CH3)3 


N(CH3)3 


Addition  of  benzophenone  was  accompanied  by  a vigorous  reaction  and  precipitated 
a large  quantity  of  white  solid  which,  after  hydrolysis  with  water  and  digestion 
with  6N  HCl  and  recrystallization  from  n-amyl  alcohol,  melted  at  lhO-lU5°C. 

This  melting  point  is  in  accord  with  Reference  2,  but  the  solubility  data  are 
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not  in  agreement.  Since  the  expenditure  of  an  undue  amount  of  time  in  the 
elucidation  of  the  methylid  reaction  was  not  warranted,  this  approach  to  the 
preparation  of  tetramethylammonium  acetylide  was  discontinued. 

C.  ATTEi.iPT  TO  REACT  TETRAifvTHYLAtttlONIUM  FREE  RADICAL  AND  ACETYLENE 

The  possibility  of  producing  tetramethylammonium  acetylide  from 
tetramethylammonium  free  radical  and  acetylene  was  considered.  Only  one 
analogous  reaction,  the  reaction  of  tetraethylammonium  free  radical  with 
acetylane  in  liquid  ammonia  at  -33°C  (Reference  3),  has  been  found  in  the 
literature.  Though  discoloration  was  noted,  the  product  obtained  did  not 
appear  to  be  the  acetylide  salt.  An  attempt  was  made  to  prepare  the  tetra- 
methylammonium free  radical  by  treating  a solution  of  lithium  in  liquid 
ammonia  with  a solution  of  tetramethylammonium  chloride  in  liquid  ammonia 
at  -33°C  (Reference  U).  Decoloration  of  the  lithium  solution  was  observed. 
After  filtration,  the  addition  of  acetylene  produced  a cloudy  solution,  but 
no  solid  could  be  collected, 

D.  REACTION  OF  TETRAuBTHYLAifcONIUM  TRIPHENYLMETHIDE  V/ITH  ACETYLENE 

1.  This  procedure  for  the  preparation  of  tetramethylammonium 
acetylide  was  conceived  as  a result  of  a study  of  the  synthesis  of  tetra- 
methylammonium triphenylmethide  (Reference  $)  and  the  relative  acidities  of 
triphenylmethane  and  acetylene  (^ference  6),  The  greater  acidity  of  acetylene 
suggested  that  the  acetylide  ion  might  replace  the  triphenylmethide  ion  if 
acetylene  was  bubbled  into  a solution  of  tetramethylammonium  triphenylmethide! 

(CH^)j^NC(C^H5)3  + HC?CH > (CH3)j^NC?CH  + 

In  order  to  prepare  tetramethylammonium  triphenylmethide,  triphenyl  chloro- 
methane  (recrystallized  from  petroleum  ether)  was  permitted  to  react  with 
2%  sodium  amalgam  ir  dry  ether  solution  to  form  sodium  triphenylmethide. 
Reaction  of  this  ether-soluble  compound  with  tetramethylammonium  chloride 
caused  a decoloration  of  the  sodium  triphenylmethide  solution  and  the  deposi- 
tion of  a dark  precipitate  on  the  surface  of  the  unreacted  tetramethylammonium 
chloride.  After  repeated  washing  of  the  precipitate  with  ether,  dry  pyridine 
was  added,  producing  a dark-red  solution  which  was  filtered  under  nitrogen. 
After  bubbling  acetylene  into  this  pyridine  solution,  it  was  concentrated  by 
evaporation  under  vacuum  at  U0°C.  A large  excess  of  ether  was  added  in  an 
attenpt  to  precipitate  any  tetramethylammonium  acetylide.  After  standing 
overnight  at  0°C,  a small  amount  of  white  solid  formed  which  was  unreactive 
with  water  and  did  not  melt  at  300®C, 


2,  In  another  attempt  to  carry  out  the  triphenylmethide reaction, 
extreme  precautions  ware  taken  at  all  tiroes  to  avoid  contamination  of  the 
reaction  mixtures  with  water,  oxygen,  or  carbon  dioxide,  because  each  of 
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these  materials  is  known  to  be  highly  reactive  toward,  for  exanple.  the  tri- 
phenylmethide  anion.  The  variovis  operations  involved,  such  as  that  of 
filtration,  were  conducted  precisely  in  the  manner  described  by  Schlerlc 
(Reference  5)»  All  materials  were  specially  purified,  and  all  gases  were 
scrupulously  freed  of  moisture,  oxygen,  and  carbon  dioxide.  Cylinder  nitrogen 
was  purified  by  respective  passage  through  soda  lime,  pyrogallol,  Drierite, 
sulfuric  acid,  phosphorus  pentoxide,  and  benzophenone  sodium  in  ether.  The 
latter  reagent  served  as  an  indicator  since  water,  oxygen,  or  carbon  dioxide 
react  with  this  metal  ketyl  and  discharge  the  blue  color  of  the  solution.  The 
acetylene  used  was  passed  respectively  through  water  (to  remove  most  of  the 
acetone  present),  pyrogallol,  sulfuric  acid,  and  soda  lime.  The  solvents 
(diethylether  and  pyridine)  required  for  the  reactions  were  distilled  in  a 
stream  of  nitrogen  which  had  been  purified  as  indicated  above.  The  distilla- 
tion receivers  were  three-necked  flasks  fitted  with  drying  tubes  of  soda  lime 
and  siphon  tubes.  These  flasks  had  been  dried  for  several  hours  at  130°C. 
Diethylather  was  distilled  from  sodium  after  drying  for  two  days  over  sodium, 
and  after  the  distillation,  fresh  sodium  was  introduced  into  the  receiver. 
Pyridine  was  dried  over  barium  oxide  for  two  days,  and  then  distilled  from 
fresh  barium  oxide.  The  sodium  amalgam  required  was  freshly  prepared,  and 
stored  in  tighly  capped  bottles.  Triphenylchloromethane  (ifetheson,  Coleman, 
and  Bell,  mp  103°C)  was  purified  by  reci^tallization  from  benzene-light 
petrolexim  ether  to  which  about  ten  volume  percent  of  acetyl  chloride  had  been 
added,  followed  by  titration  of  the  solid  under  light  petroleum  ether 
containing  20  volume  percent  of  acetyl  chloii.de.  The  purified  matertal  was 
dried  in  an  Abderhalden  drier  at  85°C  for  two  days  and  melted  at  111  to  112°C 
(lit.  112°C).  Tetracethylammonium  chloride  (Eastman  Kodak  Co.)  was  dried  in 
a vacuum  oven  at  U0°C  for  two  days,  and  was  found  to  be  about  99.6?  pure 
from  a chloride  ion  analysis. 

3.  The  triphenylchloromethane  (6.8  g)  was  allowed  to  react  with 
2?  sodium  amalgam  (58  g)  in  ether  (l50  ml)  for  form  sodium  triphenylraethide . 

The  solution  was  filtered  under  nitrogen  in  the  manner  described  by  Scklenk 
(Reference  5),  and  the  clear,  deep-red  solution  was  treated  with  tetramethyl- 
ammonium  chloride  (13  g)  until  the  chloride  became  coated  with  a red  precipitate 
of  tetramethylammonium  triphenylraethide,  with  the  simultaneous  decoloration 
of  the  solution  to  light  yellow.  The  precipitate  was  washed  repeatedly  with 
30-ml  portions  of  ether  until  the  ether  washings  were  no  longer  3rellow,  and 
it  was  then  extracted  with  100  ml  of  pyridine  which  had  been  cooled  to  -30°C. 

The  resulting  dark-red  solution  was  filtered  under  nitrogen,  and  acetylene 
bubbled  into  the  cold  filtrate.  Decoloration  to  light  yellow  occurred  and  a 
very  small  amount  of  a white  precipitate  formed  as  the  acetylene  was  absorbed. 

U,  The  solid,  after  filtration  and  drying,  did  not  melt  at  300°C. 
It  was  found  to  be  insoluble  in  water,  acetic  acid,  benzene,  ether,  and 
dimethylf ormamide . However,  it  was  soluble  in  concentrated  hydrochloric  acid, 
but  without  the  liberation  of  gas.  The  latter  observation  indicates  that  the 
isolated  solid  could  not  have  been  tetramethylammonium  acetylide.  The  pyridine 
filtrate  was  evaporated  to  dryness  in  vacuo,  and  the  residual  whits  solid  was 
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extracted  with  ether.  Only  partial  solution  occurred,  and  the  insoluble  portior 
was  found  to  have  the  same  properties  as  the  high-melting  material  described 
above.  The  evaporation  of  the  ether  solution  yielded  a white  solid,  insoluble 
in  water,  mp  90  to  91°C.  This  is  presumed  to  be  triphenylmethane , lit.  np 
9U°C.  I«ss  than  one  gram  of  total  solid  material  was  isolated  in  these  experi- 
ments, and  it  is  evident  that  the  extraction  of  tetramethylammonium  triphenyl- 
methide  with  pyridine  is  inefficient.  Moreover,  no  indications  of  the  forma- 
tion of  tetramethylammonium  acetylide  by  this  action  of  acetylene  on  tetra- 
methylammonium  triphenylmethide  were  obtained  from  the  analytical  procedures 
described  above,  even  though  extreme  preparative  precautions  were  taken. 

E.  lECARBOXYLATION  OF  TETRAMETHYLAivUiONIUM  PROPIGLATE 

1.  The  decarboxylation  of  copper  propiolate  to  produce  copper 
acetylide  (Reference  7)  suggested  that  tetiamethylammonium  acetylide  might 
be  prepared  by  decarboxylation  of  tetramethylammonium  propiolate.  The 
synthesis  of  tetramethylammonium  propiolate,  a conpound  as  yet  unreported 
in  the  literature,  was  carried  out  as  follows: 


CH, 

I J 

h^c-n-ch^ 

CH^  _ 


OH 


HO-^-C  CH 


CH, 
I 3 


- c«3  ij 


0-C-C  CH  + 

6 


H^O 


Tetramethylammonium  hydroxide  was  prepared  by  reaction  of  tetramethylammonium 
bromide  with  an  excess  of  silver  oxide  in  water  solution.  After  shaking  for 
3 hr  at  room  ten^rature,  the  solution  was  filtered,  and  a portion  was 
acidified  with  acetic  acid  and  tested  with  silver  nitrate.  The  absence  of 
cloudiness  indicated  that  the  aqueous  tetramethylammonium  hydroxide  was  free 
from  bromide  ion,  Propiolic  acid  (Farchan  Chemical  Corporation)  was  titrated 
with  a water  solution  of  tetramethylammonium  hydroxide,  using  a pH  neter  to 
determine  the  end  point.  After  evaporation  to  dryness  under  vacuum  (12  mm) 
at  a temperature  of  33  to  3$°C,  the  salt  was  recrjstallized  twice  from  n-amyl 
alcohol  and  a small  portion  was  dried  in  an  Abderhalden  drier  for  3 hr  at 
U0°C.  The  melting  point  in  a sealed  capillary  tube  was  129°C.  Analysis  of  a 
sample  yielded  the  follovdng; 

% C % H S6N 

Calculated  for  C.^^02N  58.70  9,15  9*78 

Found  55.78  9.19  9.28 

The  calculated  carbon/nitrogen  ratio  is  7;  the  found  ratio  is  7.01, 

2.  The  major  portion  of  the  salt  was  dried  in  a vacuum  desiccator 
over  phosphoric  anhydride  for  6 days.  The  melting  point  was  I3h  to  135°C  and 
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remained  unchanged  aifter  5 days  of  additional  drying.  The  extremely  hygro- 
scopic salt  was  dried  further  before  analysis  and  was  found  to  contain  57.28/S 
carbon,  8.72i?  hydrogen,  and  9.62/6  nitrogen,  thus  yielding  a carbon-to-nitrogen 
ratio  of  6.95. 

3.  Further  characterization  of  the  compound  showed  that  it  was 
soluble  in  ethyl  alcohol,  slightly  soluble  in  n-butanol,  and  insoluble  in 
ether,  pyridine,  carbon  tetrachloride,  and  teiraiin.  Trie  presence  of 
acetylenic  function  is  demonstrated  by  the  fonnation  of  a precipitate  when 
ammoniacal  silver  nitrate  is  added  to  an  aqueous  solution  of  the  con?)ound. 
Vigorous  reaction  and  decoloration  was  observed  when  bromine  in  carbon  tetra- 
chloride TOs  added  to  the  solid  salt.  The  presence  of  the  tetramethylammonium 
ion  was  confirmed  by  the  preparation  of  the  picrate,  np  3l2°C  (lit.  312  to 
313®C). 

U.  The  infrared  spectrum  of  propiolic  acid  (Figure  l)  in 
Cyclohexane  shows  absorption  at  U.8  microns  for  the  triple  bond  and  at  5.9 
microns  for  the  carboxyl  group.  An  infrared  spectrum  (Figure  2)  of  the  tetra- 
methylananonium  propiolate  in  n-butanol  with  a solvent  compensating  cell  shows 
absorption  at  U.9  and  6.3  microns.  The  shift  of  the  carboxyl  group  to  a 
longer  wavelength  when  comparing  an  acid  and  its  salt  is  described  by 
Gilman  (Reference  8). 

5.  In  attenpts  to  decarboxylate  the  propiolate,  the  compound 

was  heated  to  its  melting  point  (l35°C)  in  an  evacuated  system  and  in  the 
presence  of  nitrogen  at  one  atmosphere.  In  both  cases,  a gas  was  evolved 
which  mass  spectrometer  analysis  showed  to  be  acetylene.  In  of  the 

evacuated  system,  as  acetylene  was  evolved  at  the  melting  point,  the  liquid 
rapidly  turned  dark  brown.  After  gas  evolution  was  complete,  the  liquid 
resolidified  at  the  same  temperature,  becoming  progressively  darker  with  time. 
Under  nitrogen,  a colorless  liquid  was  produced  at  the  melting  point.  After 
evolving  the  gas,  the  liquid  resolidified  to  a light,  almost  white  solid.  One 
portion  of  this  solid  was  heated  further  and  at  210  to  225°C,  began  to  darken 
slowly.  At  260  to  265°G,  the  solid  suddenly  evolved  a large  quantity  of  gas 
and  a fluffy  carbonaceous  residue  resulted.  Treatment  of  a second  portion  of 
the  light,  almost  white  solid  described  above  with  6N  HCl  caused  the  vigorous 
evolution  of  a gas  which  was  identified  as  CO2. 

6.  Pecarboxylation  of  tetramethylammonium  propiolate  was  attenpte 
in  pyridine  (bp  ll5°C)  under  an  atmosphere  of  nitrogen.  No  apparent  change 
could  be  observed  at  50°C  after  l5  minutes,  nor  at  70°C  after  l5  to  20  minutes. 
When  the  tenperature  was  raised  to  100°,  gas  was  evolved  from  the  solid  at  an 
appreciable  rate.  After  approximately  20  minutes,  a seunple  of  the  gas  was 
collected  and  identified  as  acetylene  by  mass  spectrometer  analysis, 

7.  The  propiolate  was  mixed  with  copper  chromite,  a catalyst 
frequently  used  for  decarboxylation,  and  heated  to  135°C  under  nitrogen.  The 
sample  liquefied  and  the  gas  evolution  in  this  case  proved  to  be  a mixture  of 
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acetylene  and  carbon  dioxide,  in  a ratio  of  approximately  9sl.  Subsequent 
treatment  of  this  residue  with  6N  HCl,  after  evacuation  of  the  reaction  vessel, 
produced  a gas  con^sosed  of  approximately  6T%  carbon  dioxide  and  3356  acetylene. 
Under  the  conditions  of  these  different  atten^ts  at  decarboxylation,  it  is 
evident  that  the  favored  mechanism  for  decomposition  of  the  propi^>late  is  the 
production  of  acetylene  rather  than  carbon  dioxide. 

IV.  DISCUSSION 

A.  During  this  study  of  the  feasibility  of  synthesizing  nonmetallic 
acetylide  salts,  consideration  was  given  to  five  different  methods.  The 
metathetical  reaction  in  liquid  ammonia  appeared  to  be  the  most  direct 
approach,  and  it  was  given  initial  consideration.  The  Soxhlet  extraction  of 
a mixture  of  tetramethylamraonium  nitrate,  chloride,  or  iodide,  and  sodium 
acetylide  by  liqiaid  ammonia  constituted  one  procedure;  and  the  direct 
precipitation  of  tetramethylammonium  acetylide  by  interaction  of  a tetra- 
methylammonium  chloride  - liquid  ammonia  solution  with  a sodium  acetylide  - 
liquid  ammonia  solution  constituted  another  procedure.  This  metathetical 
approach  was  based  largely  on  the  concept  that  one  of  the  products  would  be 
considerably  less  soluble  in  the  selected  solvent  than  either  of  the  reactants. 
Because  of  the  insolubility  of  tetramethylammonium  compounds  in  liquid  ammonia, 
the  concentrations of  the  saturated  solutions  were  necessarily  low.  If  tetra- 
methylaimnonium  acetylide  had  been  formed  in  the  metathetical  reaction, it  would 
have  to  be  markedly  more  insoluble  than  the  reactant  tetramethylammonium 
compound  in  order  to  favor  the  formation  of  a well-defined  precipitate.  From 
the  experimental  results,  liquid  ammonia  did  not  appear  to  be  a sufficiently 
differentiating  solvent  for  the  conduct  of  this  reaction.  Moreover,  no 
evidence  of  reaction  was  apparent  when  the  metathetical  reaction  was  con- 
ducted in  different  organic  solvents.  These  results  imply  that  the  solubility 
of  tetramethylammonium  acetylide,  if  forned,  is  net  sufficiently  different 
from  the  reactant  tetramethylammonium  conpound  to  warrant  further  investigation 
of  the  metathetical  reaction. 

B.  The  formation  of  tetramethylammonium  acetylide  from  trimethyl- 
aramonium  methylid  and  acetylene  appeared  feasible,  primarily  because  the 
methylid  is  a strong  proton  acceptor.  Moreover,  phenylacetylene , an  acid  of 
approximately  the  same  strength  as  acetylene  (Reference  9)»  is  a stronger 
acid  than  fluorene  (Reference  6),  The  existence  of  9-fluorenyl  tetramethyl- 
aramonium  thus  offered  further  basis  for  the  methylid  reaction  (Reference  10 ). 

In  the  experiments  conducted  in  this  program,  interfering  substances  may  have 
arisen  from  the  preparation  of  phenyl  lithium,  which  is  not  isolated  in  the 
pure  state,  but  is  used  in  the  medium  in  w!  ich  it  is  prepared.  The  clarifica- 
tion of  this  aspiect  of  the  problem,  plus  the  difficulties  in  definitely 
establishing  the  purity  of  the  tetramethylammonium  methylid,  mitigated  against 
the  further  pursuit  of  this  procedxire  for  making  tetramethylammonium  acetylide. 
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C,  The  procedure  involving  the  reaction  of  tetrainethylanmonium  tri- 
phenylmethide  vrith  acetylene  was  based  on  the  principle  that  acetylene  is  a 
stronger  acid,  e.g.,  a stronger  proton  donor,  than  triphenylmet^iane  (Reference 
6) . Although  the  triphenyloethide  was  prepared  successfully  and  it  was 
evident  that  a reaction  occurred  when  acetylene  was  added,  no  tetramethyl- 
aramonium  acetylide  was  isolated.  Extreme  precautions  were  taken,  but  the 
possibility  always  exists  that  a trace  of  contaminant  such  as  oxygen,  water, 
or  carbon  dioxide  may  have  entered  the  reaction  system.  In  any  event,  the 
procedural  difficulties  would  make  this  process  very  impractical  and  expensive, 

D,  The  decarboxylation  of  acetylenic  acids  and  salts  described  in  the 
literature  served  as  a strong  basis  for  the  investigation  of  this  approach  to 
the  preparation  of  the  tetramett^lammonium  acetylide.  Decarboxylation  is, 
hcwever,  very  system-  and  compound-dependent.  Thus,  in  the  decarboxylation  of 
acetylene  dicarboxylic  acid  - raonopotassium  salt,  the  decomposition  at  60®C 
yields  carbon  dioxide.  The  presence  of  acetylene  is  not  detected  at  60°  for 
180  minutes  but  is  observed  after  100  minutes  and  30  minu\/js  at  80  and  98.5°C, 
respectively  (Reference  11).  In  the  case  of  copper  propiolate,  decarboxyla- 
tion proceeds  readily  with  only  mild  heating  (Reference  7),  The  three  methods 
of  decarboxylation,  viz.,  heating  of  the  dried  tetranEthylanimonium  propiolate 
alone,  and  with  copper  chromite,  and  by  heating  of  the  propiolate  suspended  in 
pyridine,  produced  acetylene  as  the  major  constituent,  and  it  appears  that 
this  is  the  favored  mechanism  for  decomposition  of  the  propiolate.  While 
these  experiments  do  not  preclude  the  decarboxylation  reaction,  it  is  apparent 
that  considerable  work  would  be  required  to  determine  the  exact  conditions, 

E,  Although  each  of  the  methods  for  the  preparation  of  tetramethyl- 
ammonium  acetylide  embodies  a different  principle,  none  of  the  desired  compound 
was  isolated.  Investigation  of  any  one  method  may  yet  produce  the  desired 
acetylide  salt,  but  such  investigations  would  require  extensive  effort  which 
appeeirs  to  be  unjustified  in  the  light  of  present  information. 
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NOTICE:  WHEN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFICATIONS  OR  OTHER  DATA 
ARE  USED  FOR  ANY  PURPOSE  OTHER  THAN  IN  CONNECTION  WITH  A DEFINITELY  RELATED 
GOVERNMENT  PROCUREMENT  OPERATION,  THE  U.  S.  GOVERNMENT  THEREBY  INCURS 
NO  RESPONSIBILITY,  NOR  ANY  OBLIGATION  WHATSOEVER;  AJID  THE  FACT  THAT  THE 
GOVERNMENT  MAY  HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
SAID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 
IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  LICENSING  THE  HOLDER  OR  ANY  OTHER 
PERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RIGHTS  OR  PERMISSION  TO  MANUFACTURE, 
USE  OR  SELL  ANY  PATENTED  INVENTION  THAT  MAY  IN  ANY  WAY  BE  RELATED  THERETO. 
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